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ABSTRACT

Background: Patellofemoral pain syndrome is one of the most common causes of knee pain, especially in the female
population. Conflicting evidence exists on whether a multi-joint strengthening program produces a greater outcome
when compared to a single joint approach.

Purpose: The aim of this systematic review and meta-analysis was to investigate the effectiveness of a multi-joint
strengthening program compared to a traditional single joint strengthening program in reducing pain and improving
function in females diagnosed with patellofemoral pain syndrome.

Study Design: Systematic Review and Meta-Analysis.

Methods: A computer-based search (population: women with patellofemoral pain syndrome, intervention: multi-joint
strengthening exercises, comparator: single joint strengthening exercises, outcome: pain and function) was performed.
Databases including PubMed, CINAHL, SPORTDiscus, Cochrane, PEDro, and Scopus were searched up to May 23,
2017 for randomized clinical trials published since 2004. A hand search of relevant articles and exploration of Grey
Literature (including clinical trials.gov, Grey Literature Report, and Open Grey) was also completed. Data was
extracted for the following information: exercises prescribed, outcome measures, and overall results from the study.

Results: Five studies, each of high quality based on the PEDro scale, met the inclusion criteria for this systematic
review and meta-analysis. Statistically different outcomes were found that favored the multi-joint intervention group
for short-term and long-term self-reported pain and functional pain, short-term functional performance, and long-
term self-reported function.

Conclusion: The results of this review show that statistically significant data are available that favor implementing a
multi-joint exercise program in comparison to a single joint program for the reduction of pain in females with patel-
lofemoral pain syndrome. Limited statistical evidence, however, is available to support a multi-joint program over a
single joint program in the improvement of short-term functional performance and long-term self-reported function
in females with patellofemoral pain syndrome.
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INTRODUCTION

Patellofemoral pain syndrome (PFPS) is one of the
most common causes of knee pain in many popu-
lations.'® PFPS is caused by many different factors,
including increased foot pronation, increased inter-
nal rotation (IR) of the tibia with increased valgus
stress, excessive lateral tracking of the patella, mus-
cle imbalance, or overuse.'**® Women in particular
are prone to biomechanical disadvantages includ-
ing decreased quadriceps and hip external rotator
strength, altered kinematics with dynamic tasks,
increased Q angle, and increased hip IR, all of which
may predispose women to the symptoms associated
with PFPS.!”

Given these biomechanical factors, women experi-
ence an increased prevalence of PFPS when com-
pared to their male counterparts. The prevalence
has been reported as high as 1.5 times greater in
females than in males.® Due to the increased preva-
lence of females experiencing symptoms of PFPS,
attention to females when investigating treatment
options is imperative.

During stair navigation, all females demonstrate
hip adduction and knee abduction, while individu-
als already diagnosed with PFPS display greater
ipsilateral trunk lean, contralateral pelvic drop, hip
adduction, and knee abduction when compared to
males and individuals not diagnosed with PFPS.°
These results suggest that the female population,
as a whole, present with similar biomechanical
factors, whether or not they have been diagnosed
with PFPS, resulting in a functional disadvantage.
The deficits observed with stair negotiation suggest
that PFPS occurs as a result of weak hip and knee
joint muscles. Focusing on strengthening of the
hip abductors could decrease ipsilateral trunk lean,
contralateral pelvic drop, and hip adduction, while
focusing on strengthening the primary movers of
the knee joint could decrease knee abduction. Two
randomized controlled trials that compared hip only
strengthening interventions to knee only strength-
ening interventions found that individuals in the
hip intervention groups experienced a decrease in
pain sooner than the knee only intervention groups,
although both intervention groups showed similar
improvements in symptoms during a longer fol-
low up period.”®" This suggests that implementing

a multi-joint exercise program that addresses both
the hip and knee joints would likely be beneficial
to reduce pain and functional impairments experi-
enced with PFPS.

Several researchers have examined the effectiveness
of combined hip and knee strengthening on decreas-
ing symptoms of PFPS, but fewer have examined the
effects of this treatment on women specifically. Two
recent systematic reviews found that a hip and knee
strengthening protocol reduced pain and improved
function for both short- and long-term periods follow-
ing intervention.>'* Another recent study contrasted
these findings, reporting that hip and knee strength-
ening are equally effective in reducing pain and
improving function, with limited evidence to support
the benefits of the addition of hip strengthening.

Limited high-quality evidence exists on whether or
not the addition of hip strengthening is beneficial in
decreasing pain and improving function in patients
with PFPS.'* Additionally, no systematic reviews
were found that focus on the female population
alone. Thus, the aim of this systematic review and
meta-analysis was to investigate the effectiveness
of a multi-joint strengthening program compared to
a traditional single joint strengthening program in
reducing pain and improving function in females
diagnosed with patellofemoral pain syndrome.

METHODS

Research topic, pilot title, and protocol were regis-
tered online on the PROSPERO database with reg-
istration number: CRD42016051313. The Reporting
Checklist for Meta-Analyses of Observational Stud-
ies (MOOSE) guidelines were utilized throughout
the research process.'®

Eligibility Criteria, Search Strategy, and

Study Selection

Eligibility for this review included randomized con-
trolled trials that compared multi-joint and single
joint exercise programs in women diagnosed with
PFPS (described as patellofemoral pain, patellofem-
oral pain syndrome, or anterior knee pain), but no
other concurrent knee conditions. Studies must have
included outcome measures assessing pain and func-
tion, as well as reported outcomes separated by gen-
der. Multi-joint exercises were defined as therapeutic
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exercise that focused on strengthening the muscula-
ture about more than one joint, including at least
the hip and knee. Single joint exercises were defined
as exercises strictly focusing on strengthening at the
musculature of the knee joint (closed kinetic chain
or open kinetic chain approach). While exercise pro-
tocols investigating a single joint (either the knee or
hip) will inherently produce activation of muscles
spanning both joints (i.e. the quadriceps), the sole
focus of a single joint protocol is the activation of
the primary movers of that joint. For example, while
the ascending portion of a standing squat requires
hip extension and utilizes specific musculature
required for that motion, the focus of the exercise
is knee extension and the concentric activation of
the quadriceps musculature. Examples of common
exercises that were used in the studies included in
this review for both the multi-joint and single joint
groups can be found in Table 1. Studies published
prior to 2004 were not included in order to focus on
the most recent literature on this topic. While stud-
ies regarding this topic were published prior to 2004,
the majority of high quality studies focusing specifi-
cally on females with the syndrome have been pub-
lished within the past 13 years. Non-English studies
were also excluded.

Electronic databases including PubMed, CINAHL,
SPORTDiscus, Cochrane, PEDro, Scopus were
searched in consultation with a librarian on

November 20, 2017 and May 23, 2017. Keywords
included “PFPS,” “anterior knee pain,” and “patello-
femoral pain”. An example of a specific search strat-
egy used can be found in Table 2. A hand search of
relevant articles and exploration of Grey Literature
(including clinicaltrials.gov, Grey Literature Report,
and Open Grey) were also completed for any addi-
tional studies not identified in the database search.

After duplicates were removed, titles were screened
by two authors and disagreements were resolved
by a third author. Screening of abstracts was com-
pleted by four authors and any disagreements were
discussed with unanimous consensus reached for
inclusion. Further screening of full texts was com-
pleted by two authors and all disagreements were
resolved by a third author. Search results are dis-
played in Figure 1.

Quality Assessment

Quality assessment of articles was completed by
two authors and any discrepancies that arose were
settled by a third author. Methodological quality of
each study was assessed using the PEDro scale,'®
which consists of 11 items, each of which is scored
by a “yes” or a “no” response. A “yes” is equivalent
to one point on the scale and is only assigned if the
criteria are specifically stated within the text. A
“no” is assigned to categories not specifically stated
within the text. Specific guidelines and criteria for

Table 1. Sample exercises for multi-joint and single joint protocols®*3%3

Multi-Joint (Hip and Knee)

Single Joint (Knee Only)

Standing or sidelying hip abduction
Sidelying or sitting hip external rotation
Sitting hip internal rotation

Sidelying, prone, or standing hip extension
Resisted side stepping

Forward lunge

Squats

Prone knee flexion

Seated knee extension

Quad sets

Supine straight leg raise
Seated knee extension
Prone knee flexion

Leg press

Squats/Wall squats*
Step ups/step downs*

*Note: Because many exercises will produce muscle activation that crosses both joints (i.e. the
quadriceps), single joint exercises are defined by the primary mover of the joint during the
activity. For example, a squat requires some hip extension, but the main focus of the exercise
is knee extension, requiring concentric activation of the quadriceps.

Table 2. Example search strategy entered into PubMed

("Patellofemoral Pain Syndrome"[Mesh] OR "patellofemoral pain") AND (Exercise OR
Strengthening OR Resistance Training[Mesh]) AND (Hip OR Knee OR Proximal Musc* OR

Gluteus*)

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 323




Records identified through

database searching
(n=424)

Additional records identified
through other sources

Titles screened after duplicate records

removed
(n=323)

(h=51)
v Records excluded after
screening titles, did not
> match topic
(n=236)

|

Records screened, using
titles and abstracts
(n=287)

Records excluded after
screening abstracts for
> not meeting inclusion
criteria
(n=63)

}

Full-text articles assessed
for eligibility
(n=24)

Full-text articles excluded,
articles were not RCTs
(n=5) or study design and

interventions did not
match research question

Studies included in
qualitative synthesis
(n=5)

(n=14)

A 4

Studies included in
quantitative synthesis
(meta-analysis)

(n=5)

Figure 1. Prisma flow diagram.

the grading with the PEDro scale are outlined in Ver-
hagen et al.'® The reliability of the PEDro scale has
been assessed as having inter-rater reliability rang-
ing from moderate to substantial reliability (K = .50 -
.79)."” Using the PEDro scale for assessment, the
articles with more “Yes” scores are of higher quality
given the scale of the assessment.'®

Data Extraction and Analysis

The outcome measures were categorized into four
groups based on the constructs investigated, and
included self-reported pain at rest, functional pain,
self-reported function, and functional performance.
Self-reported pain at rest is a subjective report of
pain while the individual is not completing any
physical activity. This is measured by the Visual
Analog Scale (VAS). Functional pain is a subjective
measure of pain that the individual experiences
while performing physical activity or activities of
daily living (ADLs) and is also measured by the VAS
and Numeric Pain Rating Scale (NPRS). Both the VAS

and the NPRS have been found to have excellent
and high test-retest reliability (r= 0.97 and r=0.92
respectively).'? 2

Self-reported function is a subjective report of the
individual's functional ability to perform daily
activities and is measured by the Lower Extremity
Functional Scale (LEFS), the Anterior Knee Pain
Scale (AKPS), or the Kujala Function Score. The
LEFS and Kujala have each been found to have
excellent test-retest reliability (r=0.94 and r=0.944
respectively),? * while the AKPS was shown to have
excellent inter-rater reliability (r=0.95).” Finally,
functional performance testing is an objective mea-
sure of functional ability and these investigate either
muscle power measured by the Single Limb Hop
Test or muscle endurance measured by the Step
Down Test or Single Leg Squat Test. The single limb
hop test is an assessment of lower extremity func-
tion that measures the distance jumped by the study
participant in a single attempt. The single limb hop
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test has been reported to produce high inter-rater
reliability (ICC=0.77-0.99).>* The step down test is
performed with the participant keeping the testing
leg on a raised platform while the contralateral limb
descends to a lower surface. The step down test has
been reported to have high intra-rater reliability
(ICC=0.94).” The single leg squat is performed in
single leg stance by flexing and extending the knee
to a predetermined angle in a controlled manner.
Both tests are quantitative assessments of lower
extremity function as they measure the number of
repetitions of these exercises completed by the sub-
jectin a given time frame. Established reliability val-
ues were not found for the single leg squat test.

Data extraction was completed by four authors
who independently collected pertinent data from
each included study. All data was cross-checked
by another author. Participant inclusion/exclusion
criteria, sample size, interventions, and follow-up
times were synthesized as well as means, medians,
standard deviations, and p-values for the multi-joint
and single joint groups in each study.

Meta-analyses were made using Comprehensive
Meta-Analysis, Version 3 wherever possible. All
meta-analyses were completed using standardized
mean difference (SMD) as the summary measure of
effect. SMD with 95% confidence intervals (CI) were
used as this method is seen to be more generalizable
and also allows the use of different scales to assess
the same general construct. I? statistics were calcu-
lated in order to determine the level of heterogene-
ity or lack thereof between included studies. The I*
statistic is more useful than the Q test, which only
indicates the presence versus absence of heteroge-
neity.?® Percentages used by Higgins and Thomp-
son*” were utilized to quantify the magnitude of
heterogeneity: 25% = low, 50% = medium, 75% =
high heterogeneity. Utilizing the scale, if 1> was
<50%, a fixed effects model was used, and if the
1> was >50%, a random effects model was used.
Interpretation of effect size used Cohen'’s criteria for
pooled estimates.”® Cohen describes 0.2 as small, 0.5
as moderate, and 0.8 as large effect sizes.”

Risk of bias was assessed via funnel plot construc-
tion. A symmetrical funnel plot indicates low risk
of publication bias, whereas an asymmetrical funnel
plot indicates a higher risk of publication bias.?

RESULTS

The search process returned 475 records on this
topic. There were 470 articles excluded through title,
abstract, and full-text assessments because they
did not meet inclusion criteria, were not random-
ized controlled trials, or the study design and inter-
ventions did not match the research question. The
remaining five studies were used to complete this
systematic review and meta-analysis.?*** Substantial
agreement between reviewers was demonstrated
in the title screening process, with x = 0.719 (95%
CI, 0.632 to 0.805) p<.05, and excellent agreement
between reviewers was found during the full-text
screening process, with k = 0.915 (95% CI, 0.753 to
1) p<.05.*> The methods of the study selection and
exclusion are shown in figure 1.

Quality Assessment

The five included articles****were assessed using the
PEDro scale with k = 1.0 (95% CI, 1.0 to 1.0) p<0.05,
demonstrating excellent agreement between review-
ers.* Each of the included articles****received scores
of at least 8. Given the scores as assessed by the
PEDro scale, all included articles are of high qual-
ity.'® All five studies®** used assessor blinding to
decrease the risk of measurement bias, used con-
cealed assignment to randomize the subjects in each
group, and all groups were statistically similar prior
to intervention, which reduced the risk of selec-
tion bias. Results from the PEDro quality checklist
assessment are summarized in Table 3.

Study Characteristics

Individual study details including sample size,
patient age, intervention and comparison group
protocols, results, and exercise prescription are pre-
sented in Table 4. All included studies investigated
exercise protocols of the hip and knee musculature
in comparison to exercise protocols of knee mus-
culature only. The results of each of these studies
were categorized into two different time periods:
short-term and long-term. The short-term period
was defined as the timeframe that treatment was
provided. The long-term period is defined as the fol-
low-up period after treatment has ended. During the
short-term period, treatment duration lasted either
four, six, or eight weeks. The long-term follow-up
period lasted 12 weeks. No structured intervention
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Table 3. Quality Check Assessment

Criteria
Author I II III IV V VI VII VIl IX X XI Total Score

Baldon et al.> Y Y Y Y Y N N Y Y Y Y 9
Fukuda et al.

(2010)! Y Y Y Y N N Y Y Y Y Y 9
Fukuda et al.

(2012)* Y Y Y Y N N Y Y Y Y Y

Razeghi et al.» Y Y Y Y NN Y Y Y Y Y

Sahin et al.3* Y Y Y Y NN Y Y N Y Y

I = Eligibility criteria specified; I = Random allocation of subjects; IIT = Concealed
allocation of subjects; IV = Groups similar at baseline; V = Subject blinding; VI = Therapist
blinding; VII = Assessor blinding; VIII = Outcome measures obtained from >85% of
subjects; IX = Treatment received or gave intention to treat; X = Between-group statistical
comparison; XI = Within-group statistical comparison; Y = Yes; N = No

was performed during the follow-up period. Data
were analyzed separately for short-term and long-
term periods.

Effects of Multi-Joint Compared with Single
Joint Exercise Programs

All five studies®* compared multi-joint exercise
programs with single joint exercise programs in
females. Outcome measures of four of the five stud-
ies evaluating pain and function were assessed at
two different time points: pre and post treatment
(short-term).*** 233 Three of the five studies® %
also evaluated pain and function after treatment was
ended (long-term). Four out of five studies provided
clear outlines of the exercise programs performed
per each intervention group.****3* Razeghi et al. only
provided the targeted muscle groups in each of the
intervention categories and did not include specific
exercise protocols that participants followed.*® A
summary of meta-analysis results can be found in
Table 5 and Table 6.

Self-Reported Pain at Rest

Three of the five studies®***** used in the meta-anal-
ysis examined self-reported pain utilizing the VAS
scale. In the short term, evidence suggests a large
effect” and a significant decrease in pain (SMD,
0.87, CI: 0.48, 1.26, p<0.001) favoring multi-joint
interventions over single joint interventions (Figure
2A). Two studies®** were included in the meta-anal-
ysis of the long-term period, and evidence demon-
strated a large effect?® and a significant decrease in
pain (SMD, 0.89, CI: 0.43, 1.34, p<0.001) in favor of

multi-joint interventions over single joint interven-
tions (Figure 3A). Heterogeneity for self-reported
pain at rest was low for both short- and long-term
effects (I* = 0). See Tables 5 and 6 for meta-analysis
results.

Pain During Functional Activities

Three of the five studies***3* used in the meta-anal-
ysis investigated pain during functional activities.
Activities analyzed included pain with ascending
and descending stairs, ramp negotiation, running,
squatting, standing, and walking. Results demon-
strated significant decreases in pain with a variety
of activities and a moderate short-term (SMD, 0.46,
CI: 0.05, 0.88, p=0.03) and a large long-term effect
(SMD, 0.97, CI: 0.02, 1.93, p=0.05) in favor of multi-
joint interventions over single joint interventions
(Figures 2B and 3B respectively). Heterogeneity for
self-reported pain at rest during the short term was
low (I* = 0) and was high for the long-term effects
(I* = 77.34). See Tables 5 and 6 for meta-analysis
results.

Self-Reported Function

Four of the five studies®***?** used in the meta-anal-
ysis investigated self-reported function but utilized
different questionnaires as their subjective mea-
sures (Kujala, AKPS, and LEFS). Three of the four
studies®**'** analyzed self-reported function in the
short term, and did not demonstrate statistically sig-
nificant improvements in self-reported function in
favor of multi-joint interventions over single joint
interventions but did report a moderate effect size
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Table 4. Individual Study Demographics

Author Sample Size
(n)
Baldon 31 females
etal.®®  Multi-joint
group: n=15
Single joint
group: n=16
Fukuda 70 females
etal, Multi-joint
2010°"  group: n=23
Single joint
group: n=22
Fukuda 54 sedentary

etal, females

2012%2  Multi-joint

group: n=28
Single joint
group: n=26

32 female
college
students
Multi-joint
group: n=16
Single joint
group: n=16

Razeghi
etal®

Sahin et
al?*

55 sedentary
women
Multi-joint
group: n=28
Single joint
group: n=27

Participants
(Age: Mean +/-
SD in Years)
Multi-joint group:
22.7 +/-3.2 years

Single joint
group: 21.3 +/-2.6
years

Multi-joint group:
25 +/- 7 years
Single joint
group: 25 +/- 6
years

Multi-joint group:
22 +/- 3 years
Single joint
group: 23 +/-3
years

Overall: 22.62 +/-
2.67 years

Overall: 34.1 +/-
6.2 years

Intervention Group
(Multi-Joint)

Duration: 8 wks
Exercise: 3 sessions per
week with sessions
lasting 90-120 minutes;
motor control and
strengthening exercises
of increasing difficulty
of trunk, hip, and knee
muscles, patient
education about how LE
malalignment can
increase symptoms of
PFPS

Duration: 4 wks
Exercise: 3 treatment
sessions per week;
exercises focused on
stretching and
strengthening of the
knee, hip abductor, and
hip lateral rotator
muscles

Duration: 4 wks
Exercise: 3 treatment

sessions per week;
exercises focused on
stretching and
strengthening of the
knee, hip abductor, and
hip lateral rotator
muscles

Duration: 4 wks
Exercise: Progressive
resistive exercises to
strengthen all hip
musculature and knee
extensors

Duration: 6 wks
Exercise: 5 treatment
sessions per week; lower
extremity stretching plus
isometric and elastic
resisted strengthening
exercises focusing on
the knee extensors, hip
abductors, and hip
lateral rotators

Control Group
(Single Joint)

Duration: 8 wks

Exercise: 3 sessions per LEFS, and

week with sessions
lasting 75-90 minutes;
stretching plus weight
bearing and non-weight
bearing quadricep
strengthening

Duration: 4 wks
Exercise: 3 treatment
sessions per week;
exercises focused on
stretching and
strengthening of the
knee musculature

Duration: 4 wks
Exercise: 3 treatment

sessions per week;
exercises focused on
stretching and
strengthening of the
knee musculature

Duration: 4 wks
Exercise: Progressive
resistive exercises to
strengthen the
quadriceps muscle

Duration: 6 wks
Exercise: 5 treatment
sessions per week;
lower extremity
stretches plus isometric
and elastic resisted
strengthening exercises
focusing on the knee
extensors

SD = Standard Deviation; LE = Lower Extremity; PFPS = Patellofemoral Pain Syndrome; VAS = Visual Analog Scale; LEFS =
Lower Extremity Functional Scale; AKPS = Anterior Knee Pain Scale; NPRS = Numeric Pain Rating Scale;

Outcome Results
Measures
VAS, Significant changes in

VAS in both groups and
in the Triple Hop Test in
the intervention group
(p<0.05); significant
between-group difference

Triple Hop
Test 2 mos
and 5 mos

after

intervention in the Triple Hop Test
(p<0.05)

LEFS, Significant improvement

AKPS, for the LEFS and AKPS

Single Hop
Test, NPRS
Ascending,
and NPRS

Descending
after 4 wks

in the intervention group
(p<0.01) and control
group (p<0.05);
significant improvement
in the single hop test in
both groups (p<0.05); no
significant difference
between groups for any of
the outcome measures
(p>0.05)

Significant improvement
in function and decrease

LEFS,
AKPS,

Single Hop
Test, NPRS
Ascending,
and NPRS
Descending
after 3 mos,
6 mos, and
12 mos

in pain at 3, 6, and 12
months post-treatment in
the intervention group
(p<0.05); significant
decrease in pain with
ascending stairs at 6
months and descending
stairs at 3 and 6 months,
and improvement on the
single hop test at 3, 6, and
12 months post-treatment
in the control group
(p<0.05)

VAS after 4 Significant decrease in
weeks pain in the intervention
(p=0.001) and control
(p=0.005) groups;
significantly greater
reduction in pain in the
intervention group
compared to the control
group (p=0.032)

Significant improvement
in pain with resting,
standing, walking,
running, squatting, stairs,
and ramp at 6 and 12
weeks and prolonged

VAS at rest
and with
activities,
Triple Hop
Test, Single
Leg Squat,

Step Down  sitting and kneeling at 12
Test,and  weeks in the intervention
Kujala group compared to the
Function  control group (p<0.017);
Score after significantly higher

6 wksand number of repetitions in
12 wks the single leg squat test at

6 weeks in the
intervention group
(p<0.017); significantly
higher number of
repetitions in the step
down test at 6 and 12
weeks in the intervention
group (p<0.017);
significantly higher scores
on the Kujala scale in the
intervention group
(p<0.017)
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Table 5. Meta-analysis for short term impact

Outcome Category Participants, Studies,n Total 7  p value SMD 95% CI
n

Self-Reported Pain MJ 56 3 0.00 0.00 0.87 0.48 —-1.25
SJ 57

Pain with Function MJ 48 2 0.00 0.03 0.46 0.05-0.838
SJ 47

Self-Reported Function MJ 63 3 0.00 0.13 0.50 -0.14-1.13
SJ 63

Function MJ 63 3 67.48 0.02 0.44 0.08 - 0.80
SJ 63

MIJ= Multi-joint; SJ= Single joint

Table 6. Meta-analysis for long term impact

Outcome category Participants, ~ Studies, Total > p value SMD 95% CI
n n

Self-Reported Pain MJ 40 2 0.00 0.00 0.89 0.43-1.34
ST 41

Pain with Function MJ 50 2 77.34 0.05 0.97 0.02-1.93
SI 49

Self-Reported Function MJ 50 2 71.13 0.01 1.36 0.30-2.41
SI 49

Function MJ 65 3 85.97 0.17 0.54 -0.22-1.31
SJ 65

MJ= Multi-joint; SJ= Single joint

(SMD=0.50, CI: -0.14, 1.13, p=0.13) (Figure 2C).
Heterogeneity for self-reported function in the short
term was low (I = 0).

Two of the five studies***** were analyzed with
regards to long-term self-report of function and did
demonstrate statistically significant improvements
in self-reported function in favor of multi-joint inter-
ventions over single joint interventions with a large
effect size (SMD=1.36, CI: 0.30, 2.41, p=0.01) (Fig-
ure 3C). Heterogeneity for self-reported function in
the long term was high (I* = 71.13). See Tables 5 and
6 for meta-analysis results.

Functional Performance Testing

Four of the five studies®***** included in the meta-
analysis investigated functional performance and
used a variety of measures including the Single Hop
Test, Triple Hop Test, Single Leg Squat, and Step
Down Test. Functional performance during the short
term was analyzed in three of the four studies.**"
The results demonstrate a statistically significant
improvement in functional performance in favor of
multi-joint interventions over single joint interven-
tions (SMD=0.44, CI: 0.08, 0.80, p=0.02) (See Fig-
ure 2D). Two of the four studies*** were analyzed

with regard to long-term reports of functional per-
formance, however, statistically significant improve-
ments in function were not reported in favor of
multi-joint interventions over single joint interven-
tions with a moderate effect size (SMD=0.54, CI:
-0.22, 1.31, p=0.17) (Figure 3D). Heterogeneity for
functional performance was high for both short- and
long-term effects (I* = 67.48; 85.97). See Tables 5
and 6 for meta-analysis results.

DISCUSSION

The goal of this systematic review and meta-analy-
sis was to analyze the effectiveness of a multi-joint
exercise protocol compared to a single joint protocol
in reducing pain and improving function in females
diagnosed with PFPS. Through meta-analysis of all
five studies,**** statistical significance was found that
favored the multi-joint intervention group for short-
term and long-term self-reported pain and functional
pain, short-term functional performance, and long-
term self-reported function. These findings suggest
that strengthening musculature about both the hip
and knee joints is more effective in decreasing pain
and improving function in females with PFPS when
compared to strengthening musculature about the
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A Study name ComparisonQutcome Time point Statistics for each study Std diffin means and 95%Cl
Stddiff Lower Standard Upper
in means limit error Variance limit Z-Value p-Value
Baldon etal. MJvs.SJ VAS Treatment(8 wks) 0680 -0.044 0.370 0.137 1.405 1.841 0.066
Razeghietal. MJ vs.SJ VAS Treatment(4 wks) 0872 0.147 0.370 0.137 1.597 2357 0018
Sahin etal MJ vs.SJ VAS Treatment(6 wks) 0.991 0.404 0.300 0.090 1579 3.308 0.001
0.869 0483 0.197 0.039 1.255 4411 0.000
-2.00 1.00 0.00 1.00 2.00
B Study name ComparisonOutcome Time point Statistics for each study Std diffin means and 95%C|
Stddiff Lower Standard Upper
in means limit error Variance limit Z-Value p-Value
Fukuda etal.(2010) MJ vs.SJ Combined Treatment(4 wks) 0390 -0202 0.302 0.091 0.981 1.292 0.196
Sahin etal MJ vs.SJ Combined Treatment(6 wks) 0531 -0.048 0.296 0.087 1.111 1.797 0.072
0462 0048 0211 0045 0876 2187  0.029 ‘
2.00 1.00 0.00 1.00 2.00
C Study name Comparison Outcome Time point Statistics for each study Std diffin means and 95%CI
Stddiff Lower Standard Upper
in means limit error Variance  limit Z-Value p-Value
Baldon etal. MJ vs.SJ LEFS Treatment(8 wks) 0562 -0.156 0.366 0.134 1.280 1.534 0125
Fukuda etal.(2010) MJ vs.SJ Combined Treatment(4 wks) -0.053 -0638 0.298 0089 0532 -0178 0.859
Sahin etal MJ vs.SJ Kujala fx test Treatment(6 wks) 0.991 0404 0.300 0090 1579 3308 0.001
0497 -0.138 0.324 0.105 1.132 1533 0.125
-2.00 -1.00 0.00 1.00 2.00
D Study name ComparisonOutcome Time point Statistics for each study Std diffin means and 95%ClI
Stddiff Lower Standard Upper
in means limit error Variance  limit Z-Value p-Value
Baldon etal. MJ vs.SJ  Triple hop Treatment(8 wks) 0729 0.002 0.371 0.138 1456 1.964 0.050
Fukuda etal.(2010) MJ vs.SJ single hop test Treatment(4 wks) 0.159 -0426 0.299 0089 0.745 0.534 0.594
Sahin etal MJ vs.SJ Combined Treatment(6 wks) 0527 -0.048 0.293 0.086 1.102 1.797 0.072
0439 0.082 0.182 0033 0.796 2407 0.016 ’
2.00 1.00 0.00 1.00 2.00
Favors SJ Favors MJ

Figure 2. Standard difference in means in individual studies for short-term (A) self-reported pain, (B) pain with functional activ-
ity, (C) self-reported function, and (D) function after completion of treatment. Squares represent study-specific findings and dia-
mond represents summary estimates of fixed/random effects meta-analysis. SJ single joint, MJ multi-joint, CI Confidence Interval.

knee joint alone. The results potentially support an
intervention that may directly target the inherent
mechanical disadvantage that women face at both
the hip and knee joint. These disadvantages include
an increased Q-angle, increased hip internal rota-
tion, possibly resulting from decreased strength of
the quadriceps and hip external rotators."” Strength-
ening the musculature about both the hip and knee
joints could help to provide better stability and pos-
ture at both joints through improved neuromuscu-
lar activation, muscular hypertrophy, and increased
muscle cross-sectional area which may counteract
many of the inherent anatomical factors that predis-
pose women to the symptoms of PFPS. This in turn

may have a positive impact on pain and function in
this population.

The Minimal Clinically Important Difference
(MCID) for the VAS and NPRS has been reported
as 1.4 and -1.5 to -3.5 respectively.*®*” The MCID is
the minimal change in a scale that can be detected
as “different” from a patient’s perspective and war-
rants a change in the intervention that is used for a
particular condition. All included studies reported
mean post-intervention pain changes that exceeded
established MCID values. Multi-joint intervention
groups also displayed mean changes in reported
pain that were larger than the mean reported
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A Study name ComparisonOutcome Time point Statistics for each study Std diffin means and 95%CI
Stddiff Lower Standard Upper
in means limit error Variance limit Z-Value p-Value
Baldon etal. MJ vs.SJ VAS PostTreatment(12 wks) 0.726 -0.001 0.371 0.138 1453 1.957 0.050
Sahin etal MJ vs.SJ VAS PostTreatment(12 wks) 0.991 0404 0.300 0.090 1.579 3.308 0.001
0.887 0430 0233 0.054 1.344 3.803 0.000
2.00 1.00 0.00 1.00 2.00
B Study name ComparisonOutcome Time point Statistics for each study Std diffin means and 95% ClI
Stddiff Lower Standard Upper
in means limit error Variance limit Z-Value p-Value
Fukudaetal.(2012) MJ vs.SJ Combined PostTreatment(12 wks) 1478 0782 0.355 0126 2.175 4.160 0.000
Sahin etal MJvs.SJ Combined PostTreatment(12 wks) 0504 -0079 0298 0.089 1.088 1.694 0.090
0972 0018 0487 0237 1926 1.998 0.046
2.00 1.00 0.00 1.00 2.00
C Study name ComparisonQutcome Time point Statistics for each study Std diffin means and 95%Cl
Stddiff Lower Standard Upper
in means limit. error Variance  limit Z-Value p-Value
Baldon etal. MJ vs.SJ LEFS PostTreatment(12 wks) 0680 -0.045 0.370 0137 1.404 1.839 0.066
Fukuda etal. (2012) MJ vs.SJ Combined PostTreatment(12 wks) 2502 1.752 0.383 0.146 3.252 6.537 0.000
Sahin etal MJ vs.SJ Kujala fx test PostTreatment(12 wks) 0925 0.341 0.298 0.089 1508 3.107 0.002 —-—
1.356 0.303 0537 0289 2410 2523 0.012
4.00 2.00 0.00 2.00 4.00
D Study name ComparisonOutcome Time point Statistics for each study Std diffin means and 95%ClI
Std diff Lower Standard Upper
in means limit error Variance limit Z-Value p-Value
Fukudaetal.(2012) MJ vs.SJ  single hop test PostTreatment(12 wks) 0935 0.345 0.301 0.091 1525 3.106 0.002
Sahin etal MJvs.SJ Combined PostTreatment(12 wks) 0.154 -0419 0292 0.085 0727 0527 0.598
0541 -0224 0.390 0.152 1.306 1.386 0.166
-200 -1.00 0.00 1.00 200
Favors SJ Favors MJ

Figure 3. Standard difference in means in individual studies for long-term (A) self-reported pain, (B) pain with functional activ-
ity, (C) self-reported function, and (D) function during the follow-up period. Squares vepresent study-specific findings and dia-
mond represents summary estimates of fixed/random effects meta-analysis. SJ single joint, MJ multi-joint, CI Confidence Interval.

changes in the single joint groups. This is clinically
significant because individuals experiencing pain
demonstrated improvement after using a treatment
approach focused on both the hip and knee. Statis-
tical significant outcomes with moderate to large
effect sizes were found for decreasing pain at rest
and with functional activities in favor of individu-
als completing a multi-joint exercise protocol when
compared to those completing a single joint proto-
col. In addition, clinical and statistical significant
differences found using the VAS and NPRS could
be attributed to all included studies utilizing a vali-
dated subjective measure of pain, which provided
a larger sample size from which to draw these con-
clusions. This data provides clinical and statistical

significance, supporting the use of a multi-joint pro-
tocol in clinical practice.

Calculated effect size and statistical significance val-
ues were inconsistent throughout the self-reported
function measures. While both the short-term and
long-term periods demonstrated moderate to large
effect sizes, the meta-analysis found statistical sig-
nificant support for improvement in self-reported
function for the long-term periods, but not short-
term. When breaking down the short-term results,
the study that least favored the multi-joint group
consisted of a four-week strengthening protocol.*
One possible explanation for this finding is that this
shorter frequency and duration of treatment is not
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long enough to allow for significant muscle hypertro-
phy or biomechanical changes that would allow for a
noticeable improvement in function. The literature
has shown that four weeks is not long enough to cre-
ate significant muscular hypertrophy and increases
in muscular cross-sectional area.® The subjects that
received at least six weeks of treatment may be more
likely to demonstrate greater improvements simply
because of increased strength gains, increased mus-
cular hypertrophy, or other biomechanical improve-
ments that may occur given a longer timeframe. In
the study conducted by Fukuda et al.* the partici-
pants also received the lowest number of total treat-
ments (12) while the other two studies who received
significantly more treatment sessions (24 and 30,
respectively).’*33* This suggests that the dosage of
training is a major factor in the design and imple-
mentation of multi-joint protocols.

Comparing the results of the studies with the estab-
lished MCID values for the LEFS and AKPS may
indicate possible clinical relevance for self-reported
function during both short- and long-term periods
despite the lack of statistical significance. The estab-
lished MCID for the LEFS has been reported by a
change of 12 points.*® The three studies that used the
LEFS as an outcome of self-reported function dem-
onstrated results that were greater than the estab-
lished MCID across all time frames.?*** Also, the
MCID for the AKPS has been reported as an average
of 10 points.”® Both studies that included the AKPS
as an outcome measure of self-reported function
exceeded the MCID for the multi-joint group, while
the single joint did not, thereby exhibiting clinically
significant improvements in the multi-joint group.

Similar to self-reported function, the meta-analysis
found moderate to large effect sizes and statistically
significant outcomes in functional performance but
for the short-term period and not the long-term.
Several different functional performance tests were
used across the studies, including the triple hop, sin-
gle hop, step down, and single leg squat tests. One
possible explanation for the variety of results found
among these tests is the variance in the nature of
the tests used. The single and triple hop tests are
dynamic activities that rely on muscle power,
whereas the step down and single leg squat tests are
static activities that rely more on muscle endurance.

No statistically significant difference was found in
the one study® observing the single hop test over a
period of only four weeks. This same test measure,
however, was found to produce statistically signifi-
cant differences in another study®** over a 12-week
period. The triple hop test was found to produce sta-
tistically significant differences favoring the multi-
joint intervention over the single joint intervention
for the triple hop test, but over a period of eight
weeks.?® As stated previously, it is very possible that
the longer intervention periods allow for increased
muscular strength compared to the shorter periods,
producing better statistical results for the multi-joint
group in comparison to the single joint group. The
single study* that investigated the use of the step
down and single leg squat test found statistically sig-
nificant differences favoring the multi-joint group
over the single joint group. These results were found
over a six-week period, which is a relatively shorter
time frame; however, the activities measured are
more static activities, as opposed to more dynamic
activities like the single hop and triple hop tests
(Figures 2D and 3D). It is likely that static stability
will develop before dynamic stability during train-
ing, and that the dynamic activities may be more
difficult for a sedentary, untrained population, like
the participants in these studies, who likely have
less experience with activities requiring significant
power. Another possible explanation is that some of
the exercises performed in the training protocols are
similar to the step down and single leg squat tests,
which could give the participants an advantage over
time. These factors, in addition to smaller sample
sizes within each of these studies may have caused
the variance in the results for functional perfor-
mance. It should also be noted that the functional
performance measures do not necessarily correlate
with return to higher level activities such as sport.
Rather, these tests display an ability to dynamically
control the knee joint and surrounding musculature,
which may correlate with normal activities of daily
living such as ascending and descending stairs.

Two major limitations of the studies analyzed in
this meta-analysis exist. First, the included stud-
ies had relatively low sample sizes ranging from
n=231 to n=64. Second, differences among interven-
tion protocols (i.e. duration, follow-up period, and
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frequency of exercise) may be another factor. The
results of this meta-analysis suggest that duration
and dosage of exercise are major factors because
the participants who received at least six weeks of
treatment showed greater improvements than those
who only received four weeks of treatment. This is
an extremely important consideration for clinicians
and future researchers as they design their exer-
cise protocols for females with PFPS because even
though the subjects’ scores still improved following
the shorter intervention periods, greater improve-
ments were displayed in the groups that had lon-
ger treatment periods and more treatment sessions.
Consideration must also be given to the fact that
some participants in the included studies received
up to 30 treatment sessions, which may be more vis-
its than typically allowed by most insurance plans.
Clinicians need to consider this when applying the
results of this review to clinical practice, and pre-
scribe a strong home exercise program based on the
design of the included studies in this review com-
bined with adequate patient education, which may
allow patients to achieve the desired results despite
a limited number of visits.

A potential limitation of this review is the exclusion
of non-English language studies. The exclusion of
studies that did not have separate data available for
males and females is another potential limitation.
These studies observed the effects on both genders
and did not present data to analyze the differences
between genders. These were excluded because
they did not address the research question, however,
this could have left out potentially useful informa-
tion and data. One final limitation of this particular
study is that along with the relatively small sample
sizes of each individual study, this review itself only
included five studies, which limited the total num-
ber of participants to be included in the aggregate
calculations and comparisons. Undoubtedly, had
more studies been included the recommendations
to be made could have been stronger.

Based on the findings of this systematic review and
meta-analysis, the use of a multi-joint protocol can
be supported for the reduction of pain in females
with PFPS. However, there are still inconsistencies
in the findings for improvement in function within
this population. Therefore, more research needs to

be conducted with larger sample sizes and more
consistent exercise dosage, which could provide
more definitive findings that would support a stron-
ger recommendation for the use of a multi-joint
exercise protocol in improving function in females
with PFPS. Future research should continue to focus
on gender-specific data and further investigate both
short- and long-term outcomes of multi-joint exer-
cise programs for females with PFPS. Increasing the
study sample sizes, greater uniformity of duration
and dosage of exercise protocols, and standardiz-
ing universal outcome measures to assess pain and
function could help reduce variability in data report-
ing in future studies.

CONCLUSIONS

Previously conducted systematic reviews and meta-
analyses have concluded that there is not enough
strong statistical evidence to support the use of a
multi-joint exercise approach compared to a single
joint approach when including both male and female
participants.>'?!* However, this systematic review
and meta-analysis found statistically significant
outcomes and strong effect sizes in favor of using
a multi-joint protocol in comparison to single joint
protocol for all areas analyzed, except short-term
self-reported function and long-term functional per-
formance, for reducing pain and improving function
in females with PFPS.

The included studies were similar in terms of the
population measured, which allows these findings
to be generalized to many different clinical settings.
These findings allow for a strong recommendation
to be made for the use of a multi-joint protocol for
the reduction of pain in females with PFPS; however,
more research needs to be completed for a strong
recommendation to be made for the improvement
of function in this population.
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